INTRODUCTION
Due to numerous studies conducted within last two decades, exposure to bioaerosols among waste management and sewage treatment plant workers has been quite well recognized [1, 2] . Their occupational contact with biological agents (such as bacteria, fungi and their cell wall components including endotoxins (END) and (1→3)-β-D-glucans) may result in adverse health effects being, in the majority of cases, connected with respiratory tract infections, irritations, asthmatic reactions, or other lung function impairments (e.g. decrease of breathing effectiveness, etc.) [3, 4] . In occupational exposure to biological aerosols, both endotoxins (END) and (1→3)-β-D-glucans as highly conservative microbial structures (called pathogen-associated molecular patterns, PAMPs), being selectively recognizable by the immune system cells, can substantially modulate the host response [5] . Such stimulation usually results in increased production of cytokines including several interleukins (IL-1β, IL-6, IL-8 or IL-12) and tumour necrosis factor alpha (TNF-α) [6, 7, 8] . Untill now, however, the studies on cytokine levels released as a result of PAMPs stimulation among waste management and sewage treatment plant employees have not been very frequent and usually limited to nasal lavage (NAL) analyses [9, 10, 11, 12] . Among them, only two performed acrossshift evaluation, where endotoxins, (1→3)-β-D-glucans and organic dust were the main factors influencing the release of cytokines [9, 12] . Such studies usually omit the role of other important immunologically-reactive factors such as peptidoglycans (PGN). These, being present in both Grampositive and Gram-negative bacterial cells, may synergistically interact with other PAMPs (e.g. endotoxins) [13] . However, the situation in which the presence of peptidoglycans significantly affects IL-6 concentrations was observed only in a pig farm environment [14] . To-date, such analyses have not been performed in other working environments.
The aim of this preliminary study was to assess the across-shift changes of cytokine concentrations in NAL samples collected from workers exposed to bacterial cell wall components present in organic dust in three different occupational environments.
MATERIALS AND METHOD
The study was conducted in 2014-2015 in three different workplaces: a municipal waste sorting plant (WSP), sewage treatment plant (STP) and an office building (OB). A total of 38 employees agreed to participate in the study: 10 workers from WSP, 20 from STP and 8 from OB, who were established as a reference group, not exposed to organic dust (Tab. 1). The average age of the workers was 49 years and period of employment in the current workplace was 9 years. All participants worked on a morning work shift from 07:00-15:00, and the measurements were always carried out in the middle of the week (i.e. on Wednesdays).
Bioaerosol samples were collected on GF/A glass fibre filters of 37 mm diameter (Whatman Inc., UK) using a Conical Inhalable Sampler (CIS) connected to an APEX aspirator (Casella Measurements Inc., UK). Sampling flow rate -3.5 L/min. In order to remove the potential initial microbial contamination, before sampling, all filters underwent depyrogenation by high temperature (180 °C for a minimum of 3 hours), and all sampling heads were washed in a 1% solution of E-Toxa-Clean fluid (Sigma-Aldrich, Poland). The sampling time was approx. 6 hours, i.e. covered of about 75% of the whole work shift time. After sampling, all filters were frozen at -20 °C until the analyses of endotoxins and peptidoglycans were performed. Endotoxins were assayed with the Limulus Amebocyte Lysate (LAL) test in its kinetic chromogenic version (Lonza Ltd., Switzerland) and peptidoglycans with a kinetic version of the Silkworm Larvae Plasma (SLP) test (Wako Pure Chemical Industries Ltd., Japan). Detailed description of analytical procedures has already been presented by Cyprowski et al. (2016) . The activity of Escherichia coli 055:B5 standard endotoxin (CSE) was 7 EU/ng. Both endotoxin and peptidoglycan concentrations were expressed in nanograms per cubic meter of sampled air [ng/m 3 ]. Each time before and after the sampling, all filters were conditioned for 24 h in a microclimatic room at a mean temperature of 25.2 °C (standard deviation, SD = 0.26) and in mean relative humidity of 40.6% (SD = 1.10) and weighed using microbalance (model ABJ 220-4M; Kern&Sohn GmbH, Germany) with the accuracy of 0.1 mg.
Nasal lavage (NAL) fluids were collected from employees before and after the work shift according to the modified method of Greiff et al. [15] . The sampling was performed in the presence of trained medical personnel using the Nasaline irrigator (Nasalprodukter Sverige AB, Sweden). In the case of each worker, a volume of 5 mL of 0.9% saline at room temperature was introduced with irrigator into its nostril and the obtained NAL fluid was collected into a sterile tube. The same procedure was repeated for the second nostril and the collected fluids were combined into one before their further analysis. All samples were transported within 8 h at +4 °C to the laboratory. The average recovery of NAL washings was 76%. After measuring the volume, the obtained NAL fluids were subjected to centrifugation for 10 min at 1,200 rev/min. Interleukin analyses. For determination of cytokine concentrations (IL-1β, IL-6, IL-8 and TNF-α) in NAL samples, the DuoSet ® enzyme linked immunosorbent assay (ELISA) kits (Human IL-1β, Human IL-6, Human IL-8 and Human TNF-α, were used, respectively; R&D Systems, Inc., USA) were used according to manufacturer protocols. The applied analytical kits had the following quantification thresholds: IL-1β -0.58 pg/mL, IL-6-0.54 pg/mL, IL-8-2.76 pg/mL, and TNF-α -0.45 pg/mL. Questionnaire survey. In order to identify the potential health effects of bioaerosol exposure among the examined workers, a health-based questionnaire was used [16, 17] . The questionnaire gathered, among others, information about the current occupational activities and workplace exposures, data regarding former workplaces and health hazards accompanying them, data on the hygienic conditions of the workplace, applied protection measures, sickness absence, addictions (e.g. tobacco smoking) etc. It also covered questions about health complaints reported by the workers, including 'flu-like' (fatigue, fever, chills, sweating, joints and muscles pain), 'respiratory' (dry cough, cough with phlegm, wheezing, shortness of breath, chest tightness), 'skin and mucous membranes irritation' (runny nose, throat irritation, nose irritation, eye irritation, itchy skin, skin rash), 'neurological' (headache, migraine, dizziness, difficulties in concentration) and 'gastrointestinal tract' (nausea, heartburn, loss of appetite, vomiting, diarrhea) symptoms, which were observed over the last year.
Statistical analysis. Multivariate analysis was performed using SAS statistical package (version 9.4, SAS Institute, Cary, USA). A total of 37 workers were included into the statistical analysis, as the failure of the measurement set was found in one employee of STP. The analysis included the results for IL-8 only, as for the other cytokines (IL-1β, IL-6 and TNF-α), their concentrations in NAL in 80% of cases were below the level of detection. In the case of IL-8, its concentrations below detection limit (11% of the results) were replaced by values resulting from the statistical model. To assess the impact of working conditions characteristic for each studied group (i.e. OB, STP, WSP) on the release of IL-8, the measurements performed after the work shift were also taken into account. To evaluate the differences between these three occupational environments, the ANOVA analysis for not equal groups was applied. The raw data were not normally distributed; however, ANOVA is not sensitive to this assumption (which was confirmed when the variance homogeneity was tested). To analyse the influence of both exposure (e.g. organic dust, endotoxins and peptidoglycans) and control (smoking) factors, a generalized linear model (GLM) for the dependent variable (IL-8) was applied. To evaluate the relationships between exposure and reported symptoms, the Fisher test was used. In all models, the significance level was set at p<0.05. 
RESULTS
The measurements revealed a high difference in concentrations of organic dust, endotoxins and peptidoglycans among the studied occupational environments. The most polluted were the workplaces in WSP, where the average concentrations of the above-mentioned contaminants were 3.47 mg/m 3 , 96.31 ng/m 3 and 571.88 ng/m 3 , respectively. The least contaminated by dust and endotoxins were the workplaces in the OB, where their average concentrations reached 0.14 mg/m 3 and 0.72 ng/m 3 , respectively. These differences between the examined plants were found to be statistically significant (Tab. 2). Regarding peptidoglycans, the lowest level of this pollutant was characteristic for workplaces in STP; however, this type of facility was not statistically different from OB and WSP. This study also revealed a significant correlations between endotoxin and organic dust concentrations (r=0.54; p<0.001) (Tab. 3).
Analysis of IL-8 presence in NAL samples taken before the work shift showed that its average concentrations were practically on the same level among STP and WSP workers, and almost twice as high as those observed among OB employees (Tab. 4); however, due to the wide range of measured values, the difference between the studied groups of workplaces was not statistically significant. In turn, the measurement performed at the end of the work shift showed such a difference with a high statistical power (ANOVA: F=5.71; p=0.007). In the case of both OB and WSP workers, the concentrations of this cytokine increased during the work shift; however, this augmentation was statistically significant only among WSP workers (p=0.015). Moreover, it was observed that the IL-8 "after work shift" levels significantly correlated with the concentrations of organic dust (r=0.54; p<0.001) and endotoxins (r=0.57, p<0.001); however, no such relationship was found for peptidoglycan concentrations (Tab. 3).
Multivariate analysis of the results performed using a generalized linear model (Tab. 5) showed that all studied exposure factors significantly influenced the IL-8 concentrations in the NAL samples collected after the work shift. The inclusion of smoking habit as a disturbing factor into this analysis slightly modified the direction and strength of this phenomenon. As shown, in the examined group of 37 workers, both organic dust and bacterial endotoxins were the factors that in the most distinct way (p<0.001) influenced the changes of IL-8 levels in NAL fluids (with the proviso that the presence of organic dust contributed to a slight increase, while endotoxin to small decrease in the concentration of this inflammatory mediator). In the case of peptidoglycans, taking into account the smoking habit of the studied workers, such an impact ceased to be significant; however, the direction of this influence changed to a positive one. Nevertheless, it should be noted that such exposure to bacterial cell wall components in a similar way affected both smokers and non-smokers, as there were no statistically significant differences between these two groups. Analysis of the questionnaire data revealed that among the most frequently reported complaints by the workers were: fatigue (percentage of positive answers -43%), eye irritation (24%), throat irritation (24%), nose irritation (16%), joint and/or muscle pains (16%) and dry cough (14%). The analysis showed that only in the case of fatigue (p=0.017) and throat irritation (p=0.047), there were significant differences between the studied groups of employees. The statistical inference did not allow linking the reported health problems with a specific exposure factor; however, throat irritation was reported only by STP and WSP workers.
DISCUSSION
In this study, the authors attempted to analyse the presence of several cytokines in nasal lavage samples collected from workers across-shift exposed to bacterial cell wall components present in organic dust in three different occupational environments. The choice of worker groups was aimed to diversify the levels of bioaerosol exposure. It was shown that organic elements of dust, including bacterial cell wall components (i.e. endotoxins and peptidoglycans), were present in all three working environments; however, only in the waste sorting plant the levels of dust and endotoxins turned out to be significantly higher than in the other two studied workplaces. Moreover, the occurrence of inflammatory reactions in the upper respiratory tract, confirmed by a significant increase of interleukin 8 concentrations in NAL fluids after the work shift, was observed among the WSP workers only.
In the presented study, in none of the evaluated environments did the observed bioaerosol stimulation result in any increases in the concentrations of the other tested cytokines, i.e. IL-1β, IL-6 and TNF-α. Such an observation is consistent with the findings of Wouters et al. [12] , who studied a group of waste collectors. The results of the current study, however, differed from the observations regarding occupational exposure to swine dust. In such a polluted environment, in addition to the elevated levels of IL-8, an augmented concentrations of IL-6 was more frequently observed [14, 18, 19] . Interleukin 6 was also the dominant cytokine in NAL samples collected from subjects exposed to poultry dust [20] .
The concentrations of organic dust and endotoxins noted in the present study in the air of WSP were higher than those to which waste handlers were exposed [10] , but comparable to those observed in the composting plant [9] . Similar to the results of the present study, in all these working environments, the increase of IL-8 concentrations was clearly visible. On the other hand, there were no such relationships for workers in OB and STP, most probably due to significantly lower environmental concentrations of these exposure factors than those noted in WSP. Interestingly, a concentration decrease of this pro-inflammatory mediator in NAL samples was found only in the STP collected after a work shift. So far, there are no experimentally proven observations that could explain this phenomenon. On the one hand, some attention should be paid to the so-called "wash-out effect", which in organism of an exposed individual primarily affects the number of neutrophils, and can result in the reduction of cytokines up to 40% when across-shift changes in their levels are observed [9, 21] . On the other hand, it can be related to the gender of the surveyed employees. In the current study, 35% of STP employees were women. According to Hellgren et al. [22] , in a group of workers exposed to soft paper dust, the IL-8 concentrations in NAL samples collected from men was 46% higher than those obtained from women. A study carried out in several Swedish sewage treatment plants, although it did not analyse across-shift changes, revealed that the average IL-8 concentrations in NAL from exposed STP workers (of which 10% were women) was 32% lower than in the control group [11] . Nevertheless, it seems that the largest impact on changes in the cytokine levels after exposure of the upper respiratory tract to bioaerosols, can be the organic dust itself, its origin and incompletely recognized chemical and biological composition.
Multivariate analysis of the results covering all three studied groups of workers showed that the presence of organic dust significantly contributed to the formation of inflammatory reactions in the upper respiratory tract (manifested in increased IL-8 concentrations), whereas endotoxins contributed to its slight decrease. Moreover, these relationships were so strong that they did not change after adjusting for the smoking habit. It is common knowledge that organic dust is a mixture of mineral (mainly silica), plant or animal epidermis particles, on the surfaces of which are transferred both viable and non-viable microorganisms, their fragments and toxins of microbial origin [23] . Therefore, its composition may vary, and together with that, its strength and scope of impact on the human body may be different. In an in-vitro study carried out by Hansen et al. [24] , A549 epithelial cells were used to test the inflammatory potential of organic dust extracts of various origin based on cell ability to secrete IL-8. Analysing different variants, the researchers showed, among others, that the type of bacteria or fungi, as well as endotoxins and (1→3)-β-D-glucans derived from them, increased the release of this interleukin. In addition, it was shown that the extracts from school dust had greater potential than the dust from waste composting plant and cotton dust. Also, the insoluble parts of the dust were several times more powerful than liquid extracts. These findings seem to correspond well with the results obtained by Cyprowski et al. [25] , who analysed the exposure to (1→3)-β-D-glucans in composting and sewage treatment plants. They showed that the participation of water-soluble glucans among such particles present in organic dust from STP was about 25%, while in the composting plant this percentage reached only 5%. Although in the current study (1→3)-β-D-glucan concentrations were not analysed, it is very likely that water-dust aerosols in STP may have a lower impact on the release of pro-inflammation markers than the dust aerosols present in WSP.
Multivariate analysis also showed that the influence of endotoxins on inflammatory reaction initiation in the present study revealed rather inversely proportional dependence, decreasing the release of interleukin 8. Taking into account the results obtained by other researchers [9, 10, 12] , this might seem to be a surprising fact; however, in-vitro studies on epithelial cells performed by Allermann and Poulsen [26] showed a similar relationship. Also, Poole et al. [27] revealed that repeated exposure to organic dust causes the release of pro-inflammatory mediators by monocytes, regardless the endotoxin occurrence in the dust. In addition, it has been shown that the same organic dust may contribute to the release of anti-inflammatory cytokines, such as IL-10. These authors suggest that besides endotoxins, also other components of organic dust, such as peptidoglycans or solid mineral particles, may variously (i.e. synergistically or additively) effect inflammatory reactions.
In the presented study, the peptidoglycans (until now, a rarely studied element of bioaerosols) have been also taken into account. It was shown that their highest concentrations (mean -571.88 ng/m 3 , range: 52.19-4621.08 ng/m 3 ) were noted in WSP; however, they were lower than those found in the waste sorting plant or in a granary in Finland [28] and on pig farms in Sweden [14, 19] . So far, the use of peptidoglycans (determined using the SLP test) as a marker of bacterial contamination has been successfully proven in an oil mist environment [29] ; however, to-date, no attempt has been to assess their impact on the respiratory system after exposure to bioaerosols. Despite their high concentrations at workplaces, in the presented study it was not possible to link firmly their environmental occurrence with cytokine concentration changes in NAL samples. Until now, only Zhiping et al. [14] , when examining the serum of healthy people exposed to swine dust, showed significant relationships between PGN concentrations and the increase in IL-6 levels. In other occupational environments, such relationships have not yet been identified.
The analyses performed in the current study revealed a statistically significant relationship between PGN and IL-8 only in the situation in which the smoking addiction of workers was not taken into account. There is no doubt that tobacco smoking is an important disruptive factor in this type of research, but other factors may also be responsible for the lack of significant dependencies. For example, in the above-mentioned study by Zhiping et al. [14] , the exposure to peptidoglycans was assessed using a muramic acid as its marker. Also, recent reports suggest that the SLP test should be used with caution as it can give the "false-positive results" contributing to overestimation of the real exposure [30] .
Taking the above into account, it should be clearly stated that the results of the current study are of a preliminary character. The authors are aware of numerous limitations connected with the number of exposure factors studied at selected workplaces, number of employees participated in the study, specificity of studied cytokines in NAL samples, spectrum of adverse health outcomes considered in questionnaire study, etc. Nevertheless, in the light of available scientific data, this study expands our knowledge about the effects of bioaerosol exposure underlying the important role of airborne bacterial cell wall components in the immunological stimulation of the upper respiratory tract.
CONCLUSIONS
In conclusion, it can be stated that the type and extent of release of pro-inflammatory mediators in the nasal airways is affected by a (specific for the environment) mixture of biological agents. Each alteration in the composition of bioaerosols will probably determine the changes in the mechanisms responsible for both the formation and modulation of inflammatory reactions in exposed workers. However, further studies of these processes are needed for confirmation which should take into account other occupational environments and different groups of workers exposed to different contaminants of microbial origin.
